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Gymnema sylvestre, popularly known as gurmar, is extensively used in traditional systems of medicine for diabetes, stomach
ailments, liver diseases, and cardiac disorders. Dried leaf powder of G. sylvestre was extracted through soxhlation using 70% (v/v)
alcohol. The hydroalcoholic extract was concentrated to 1/4th of its volume and basified to isolate gymnemic acid enriched extract
using chloroform. The isolated extract was checked for its antioxidant potential against 1, 1-diphenyl-2-picryl-hydrazyl (DPPH),
which showed scavenging activity of 82.31% at 80 𝜇g/mL of extract. Quality control analysis of the extract was carried out by TLC.
Chloroform andmethanol (9.5:0.5, v/v) were used as a solvent system and separated compoundswere detected at 254 and 366 nm.A
total of 13 metabolites were separated. However, major peaks were at Rf 0.12, 0.69, 0.79, and 0.85. Further, UPLC-MS fingerprinting
of the extract was done using acetonitrile and 0.5% formic acid in water as mobile phase in gradient elution mode. A total of 21
metabolites were separated and tentatively identified from the database. Deacyl gymnemic acid and quercetin are the two major
metabolites found in the extract. Gymnemic acid, deacyl gymnemic acid, and quercetin were docked with ten different proteins
associated with glucose metabolism, transport, and glucose utilization. It has been observed that gymnemic acid was more potent
than deacyl gymnemic acid in terms of binding affinity towards proteins and showed a favorable interaction with amino acid
residues at the active site. Thus, the present study gives an insight of identified metabolites with protein interaction and a reason
for the hypoglycemic potential of deacyl gymnemic acid enriched extract, which can be further explored for in vitro and in vivo
studies to establish its phytopharmacological and therapeutic effect.

1. Introduction

Diabetes mellitus (DM) describes a metabolic disorder char-
acterized by a deficiency in insulin production and its action
or both [1]. It is thriving distributed in nearly all countries
and constantly increases in numbers and implication, as
varying quality of life lead to reduced physical activity and
increased obesity in populations. That leads to prolonged
hyperglycemia with variabilities in most metabolic processes
inside the human body [2]. As per global concern World
Health Organization (WHO), 347 million people worldwide
are suffering from DM, with the estimate that it will be the
seventh leading cause of death in 2030. A total of 1.5 million
deaths are directly triggered by diabetes in 2012. It was the

eighth leading cause of death among both sexes and the fifth
leading cause of death in women. When chewed, the fresh
leaves of G. sylvestre have the outstanding property of para-
lyzing the sense of sweet taste substance for few times. The
gymnemic acid molecules in terms of atomic arrangements
are analogous to that of glucose molecules. These types of
molecules fill the receptor location on the taste buds thereby
stopping its activation by sugar molecules existing in the
food. This, up-to-date study showed that the most general
medicinal plants with remarkable antidiabetic importance in
terms of their mechanism and modes of action together with
the methodology part used for their quality, safety, and effi-
cacy assessment to explore the biological standardization of
thousands of traditionally used medicinal plants both in vitro
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and in vivo metabolomics approach with chromatographic
profiling to assess the claimed activity with the aim of finding
potent antidiabetic markers from the natural resources [3].
In Indian systems of medicine, i.e., Ayurveda, the G. sylvestre
prominently used in the therapy of dyspepsia, constipation,
and hyperglycemia [4] hemorrhoids, jaundice vesicle, renal
calculi, asthma, cardiopathy [5] amenorrhea, bronchitis, and
leukoderma [6, 7]. The ethanolic extract of G. sylvestre
leaves showed the presence of eleven different isoforms of
gymnemic acidswith differentmolecular weights (gymnemic
acid I to gymnemic acid XI). The major phytoconstituents
found in G. sylvestre are gymnemic acid (GA), gudmarine,
and saponins. Gymnemic acid is a pentacyclic triterpenoid,
the main active principle displaying antidiabetic activity [6].
The plant derived extract of G. sylvestre has already reported
to have direct insulinotropic activities on 𝛽 cells and isolated
islets of human in vitro [8]. Moreover, antidiabetic potential,
G. sylvestre, has the capability of total cholesterol and lower
triglyceride in serum and its antiatherosclerotic potential
were almost similar to that of a standard lipid-lowering agent
clofibrate. Some studies reflected the ability of G. sylvestre to
inhibit the formation of advanced glycation end products and
sorbitol accumulation [9].

Due to the presence of specific metabolites, it has been
used for different therapeutic purposes. Furthermore, these
herbal materials have the significant application for various
phytopharmacological applications. Several herbal prepara-
tions containing the dried leaves of G. sylvestre or its extract
are being used for various therapeutic purposes. These plant
materials are being used in traditional system of medicine for
different disease especially in diabetes. Antidiabetic potential
of G. sylvestre leaves has been reported but its metabolomic
characterization has not been fully explored. Less scientific
data are available on the bioactive metabolites responsible for
its antidiabetic activity. In our study, we have qualitatively
analyzed the number and category of metabolites present in
extract through LC-MS and identified the bioactive metabo-
lites through in silico screening. Further, we have tested that
hydroalcoholic extract has been tested for its antidiabetic
potential using in vitro and ex vivo approaches. In this context
our study provides solid scientific evidence in support of its
antidiabetic activity. We have authenticated and extracted the
leaves of G. sylvestre.

2. Methodology

2.1. Plant Material and Extract Preparation. The leaves of G.
sylvestre obtained from Botanical Garden of Jamia Hamdard,
New Delhi, and authenticated as per the standard protocol
specified in Ayurvedic Pharmacopoeia. The authenticated
plant materials have been deposited in the Bioactive Natural
Product Laboratory for future reference with a voucher spec-
imen number JH/SPER/BNPL/Shabana/2014/GS. The plant
sample was washed, shade dried, and coarsely powdered.
The powdered drug materials (200 g) of G. sylvestre were
defatted with petroleum ether and extracted through soxh-
lation using 70% (v/v) alcohol for 24 h. The hydroalcoholic
extract was concentrated to 1/4th of its volume by rotary

vaporization under reduced pressure.The extract was filtered
and subjected to basify to isolate gymnemic acid enriched
extract using chloroform. The extractive value and % yield of
extract were calculated and stored at 4∘C for bioactivity and
quantitative analysis.

2.2. Total Phenolic and Flavonoid Content. Through the
Folin-Ciocalteu method, the total phenolic content in the
hydroalcoholic extract ofG. sylvestrewas determined accord-
ing to the procedure described in the literature [10]. Different
concentrations of gallic acid solutions (as the standard equiv-
alent of phenol) were used for establishing the calibration
curvewhichwas further used for the determination of phenol
content. All the experiments were carried out in triplicate.
The obtained regression equation from the calibration plot
was used for the determination of total phenolic content and
expressed as mg of gallic acid equivalent per gram of extract.
Aluminum chloride (AlCl

3
) colorimetric method was used

for the determination of total flavonoid content [10]. The
total flavonoid content in the hydroalcoholic extract was
calculated from a calibration curve of standard (rutin) by
using its different dilutions concentrations ranging from 10
to 100𝜇g/mL. The total flavonoid content was expressed as
mg/g of rutin equivalent.

2.3. Determination of Antioxidant Potential. The antioxidant
potential of the extract was determined by 1, 1-diphenyl-2-
picryl-hydrazyl (DPPH) assay. The stock solution of different
concentrations of extract (10, 20, and 40 𝜇g/mL) was mixed
with 1.0mL of a methanolic solution of DPPH (1.0 𝜇g/mL)
and incubated for 30min in dark at room temperature.
Then, the absorbance was recorded at 517 nm using a UV-
visible spectrophotometer. Trolox was used as standards for
comparison.

2.4. In Vitro Carbohydrate Digesting Enzyme Inhibition Assay.
For the determination of the 𝛼-amylase inhibitory potential
of extract, previously developed method was followed [10].
Briefly, accurately weighed 5mg of enzyme was dissolved in
10mL of 20mM phosphate buffer (pH 6.9) at 37∘C, while
the extract was dissolved in dimethylsulfoxide and diluted in
phosphate buffer. Different concentration of extract ranging
from 100 to 1000𝜇g/mL was used for the determination of
𝛼-amylase inhibition potential. One mL of diluted extract
and 1.0mL of enzyme solutions (0.5mg/mL) were mixed
together and incubated at room temperature for 30 min. After
the completion of incubation, 1.0mL of 0.5% (w/v) starch
solution was added to the mixture and then again kept for
10min at room temperature. About 2.0mL of dinitrosalicylic
acid was added to the reaction mixture and heated in boiling
water for 5min to stop the previously ongoing reaction. The
resulting mixture was cooled and absorbance was measured
calorimetrically at 565 nm.

For the determination of 𝛼-glucosidase inhibitory poten-
tial of extract, previously reported procedure [10] was
followed. Extract prepared for 𝛼-amylase assay was used
for 𝛼-glucosidase assay also. While an enzyme solution
(1.0U/mL) was prepared in 10mM phosphate buffer (pH
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6.8). Briefly, the 100 𝜇L of diluted extract and 200𝜇L of
enzyme solution were incubated at 37∘C for ten minutes.
Then, 100𝜇L of p-nitrophenyl-𝛼-D glucopyranoside (PNPG)
solution (5.0mM) in 10mM phosphate buffer (pH 6.8) were
added to start the reaction and the mixture was incubated
at 37∘C for 30min. Then the reaction was stopped after the
addition of 2.0mL of 0.1M sodium carbonate (Na

2
CO
3
).

Finally, the absorbance was recorded at 405 nm of the yellow
colored p-nitrophenol freely released from p-nitrophenyl-𝛼-
D-glucopyranoside. Acarbosewas used as the positive control
and the results were expressed as the inhibition rate (%) of
enzymatic activity and figured by the beneath equation:

% Inhibition of enzyme activity

= (Abscontrol − Abssample) ×
100

Abscontrol

(1)

where Abscontrol is the OD of reaction without extract or
standard and Abssample is the OD of the reaction of with
extract or standard.

2.5. ExVivoGlucose Uptake. The inhibition assay of intestinal
glucose uptake was determined in rat hemidiaphragm. About
overnight fasted rats were used for this assay. Animals were
euthanized by anesthesia and dissected to isolate diaphragm.
It was immediately dipped in the ice-cold Krebs-Henseleit
buffer which was previously equilibrated with 95% oxygen,
5% carbon dioxide in a cylindrical vessel of organ bath. The
extract was added in the same compartment and incubated at
room temperature for one hour. Further, glucose solution was
added and again incubated for 30min at room temperature.
After the completion of incubation, a sample from the
supernatant was collected and the unabsorbed glucose was
estimated using glucose estimation kit which was commer-
cially utilized. Extracts with different concentrations ranging
from 25 to 100𝜇g/mL were used. Inhibition of glucose was
measured by the following formula:

Inhibition of glucose = (𝐶2 − 𝐶1)
𝑔 of hemidiaphragm (2)

where C2 and C1 were final and initial glucose concentra-
tion after the incubation.

Skeletal muscle was isolated from the dissected animals
and used for glucose uptake assay. The previously standard-
ized protocol was used to check the effect of the extract
on glucose uptake in isolated rat skeletal muscle [11]. It
was immediately dipped in ice-cold Kreb’s buffer which was
previously equilibrated with 95% oxygen and 5% carbon
dioxide in a cylindrical vessel of organ bath. The muscle
was with buffer for three times. The extract was added in
the same compartment and incubated at room temperature
for one hour. Further, glucose solution (20mM) was added
and again incubated for 30min at room temperature. In
control reaction, only glucose was added while, in case
of test reaction, extract with different concentration (25-
100𝜇g/mL) was used separately. Metformin standard was
used as positive control. Before and after the completion
of incubation, 1.0mL of supernatant was collected and the

unabsorbed glucose was estimated using glucose estimation
kit which was commercially utilized. The amount of glucose
uptake by per gram of muscle was measured by the following
formula:

Muscle glucose uptake = (𝐶1 − 𝐶2)
𝑔 of muscle tissue (3)

where C1 and C2 are the concentrations of glucose before and
after incubation, respectively.

2.6. Effect of Extract on Glucose Uptake in Yeast Cells. Com-
mercially utilized baker’s yeast (Saccharomyces cerevisiae) was
obtained from Institute of Microbial Technology, Chandi-
garh, India, and used for this assay. The obtained microbes
were subcultured in potato dextrose agarmediumand further
suspension culture was prepared in potato dextrose broth.
The culture medium was centrifuged at 3,000×g for 5min
and the cell pellet was washed in distilled water until the
supernatant fluids were clear. About 10% v/v of cell pellet
suspension was prepared with the supernatant fluid. One
mL of the glucose solution was added with 1mL of extract
and incubated at 37∘C for 10min. The reaction was started
by adding 100𝜇L of yeast suspension to the above mixture.
The resulting reaction mixture was vortexed and incubated
at 37∘C for 60min. After the completion of the mixture, it
was centrifuged and the glucose concentration was measured
from the supernatant [10]. Different concentrations of glucose
(5, 10, and 25mM) and extract (250, 500, 750, and 1000𝜇g)
were tested. The percentage increase of glucose in yeast cell
was determined using the following equation:

Percentage increase in glucose uptake

= (Abssample − Abscontrol) ×
100

Abssample

(4)

where Abscontrol is the reaction without extract and Abssample
is the reaction with extract.

2.7. TLC Fingerprinting of Extract. The hydroalcoholic
extract was dissolved in HPLC grade methanol and filtered
through 0.25𝜇M membrane filter. The chromatography
analysis was performed on aluminum TLC plates coated
with 0.2𝜇M layers of silica gel 60F

254
(Merck Millipore,

Germany). Samples were applied with 4.0mm wide band
and 8.3mm gap between each band by the use of a Linomat
V sample applicator (CAMAG, Switzerland). The sample
concentration was 10mg/Ml and 5.0𝜇L sample was applied
with a constant sample application rate of 5.0 𝜇L. For
the best separation of metabolites, chloroform: methanol
(95:05, %v/v) was used as a mobile phase and the plate
was developed in a 20 × 10 cm twin-trough glass chamber
with linear ascending mode up to 80mm. Further, the plate
was removed from chamber and air dried. The developed
plate was scanned at two different wavelengths, i.e., 254 and
366nm with a TLC scanner III (CAMAG, Switzerland) with
slit dimension of 4.0 × 0.30mm, and the scanning speed was
10mm/s.The sample application and scanning were operated
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by winCats software. The developed method was validated as
per the ICH guidelines for quality control of herbal drugs and
botanicals [12, 13]. The peak areas of triplicate samples were
used for analyzing the metabolic diversity of hydroalcoholic
extract.

2.8. Ultraperformance Liquid Chromatography-Mass Spec-
trometry Analysis of the Extract. Water’s ACQUITY UPLC�
system (Serial No. #F09 UPB 920M; Model code # UPB;
Waters Corp., MA, USA) equipped with a binary solvent
delivery system, column manager, an auto sampler, and a
tunable MS detector (Serial No # JAA 272; Synapt; Waters,
Manchester, UK) was used for UPLC-MS analysis of extract.
The extract was chromatographically separated in previously
degassed mobile phase consisting of 0.5% v/v formic acid
in water (A) and acetonitrile (B) in gradient elution mode
(initially 100%A and hold for 5min; further, decreased to 5%
A in 20min). Water’s ACQUITY UPLC� BEH C18 (100.0 ×
2.1mm × 1.7 𝜇m) column was used and flow rate of mobile
phase was 0.4 mL/min. The column manager and sample
manager temperature were set to 35 ± 2∘C and 25 ± 2∘C,
respectively. About 10 𝜇L of sample was injected with the split
mode of 5:1 with the help of autoinjector and the pressure of
the system was set to 15000 psi.

The separated metabolites were detected by MS detector
on a quadruple orthogonal acceleration time of flight tan-
dem mass spectrometer (Waters Q-TOF Premier TM). The
nebulizer gas and cone gas were set to 500 L/h and 50 L/h,
respectively. The source temperature of MS detector was set
to 100∘C. The capillary voltage and cone voltage were set to
3.0 kV and 40 kV, respectively. For collision of ion, argon
gas was used at a pressure of 5.3 × 10−5 Torr. The Q-TOF
Premier� was operated in scan mode with resolution over
8500 mass with 1.0min scan time and 0.02 s interscan delay.
Both UPLC and the mass detector were operated by using
Mass Lynx V 4.1 software incorporated with the instrument.
The separated compounds were identified based on their m/z
value through literature survey [10].

2.9. In Silico Screening. To understand the binding mecha-
nisms of active constituents of gymnema leaves, molecular
modelling studies were accomplished for deaclgymnemic
acid, gymnemic acid, quercetin, and the aglycone moiety
gymnemagenin with target proteins by the mopac 6 soft-
ware package (Stewart Computational Chemistry, Colorado
Springs, USA). Different proteins were presumed to interact
with targeted molecules (deaclgymnemic acid, gymnemic
acid, quercetin, and gymnemagenin). Nine different pro-
teins such as (dipeptidyl peptidase, glucokinase, glutamine
fructose-6-phosphate amidotransferase, AMPkinase, GLUT-
2, stearoyl-coA desaturase, GLUT-4, sulfonylurea receptor,
and mitochondrial Na+/K+ exchanger) were selected for
docking analysis. All the docking calculations were achieved
on different protein models. In AutoDock tools, solvation
parameters, essential hydrogen atoms, and Kollman united
atom type charges were added. Autogrid program was
employed for generation of affinity (grid) maps of × Å grid
points and 0.375 Å spacing. Van der Waals and the electro-
static terms were generated by AutoDock parameter set and

distance dependent dielectric functions, respectively. Simula-
tions of docking were executed using the Lamarckian genetic
algorithm and the Solis andWets local search method. Initial
position, orientation, and torsions of the ligand molecules
have been randomly selected. During docking, all rotatable
torsions were released. A translational step of 0.2 Å was used,
whereas 5 quaternion and torsion steps were utilized in each
search. In each docking experiment, two different runs were
set and it was terminated after the assessment of maximum
250000 energy was reached. The structure of molecules in
mol format was generated in the CDX format using the
tool ChemDraw Ultra 7.0.1 (CambridgeSoft Corporation,
Cambridge, USA) and transformed to input ligand format
(pdb) for docking by OpenBabel version 2.3.2 Open Babel:
An open chemical toolbox (Journal of Cheminformatics 2011,
3:33).

3. Results

The dried leaves of G. sylvestre were defatted through pet
ether (60-80∘C). The hydroalcoholic extract (70%) was pre-
pared from soxhlation process. The percentage yield of 70%
hydroalcoholic extract was found to be 24.30%w/w. The
extract was filtered and basified to isolate the gymnemic
acid enriched fraction by successive solvent selection process
using chloroform with 1.31%w/w yield. Further, the extract
was dried and stored at 4∘C until use.

3.1. Phenolic and Flavonoid Content of Extract. The total
phenolic and flavonoid content of the hydroalcoholic extract
was determined from the calibration curve of gallic acid
(r2 = 0.998) and rutin (r2 = 0.989), respectively. The total
phenolic content was found to be 29.36 mg of gallic acid
equivalents per gram of extract, while flavonoid content
was 18.65 mg of rutin equivalents per gram of extract. This
extract is enriched with phenols and especially flavonoids
which are mainly responsible for the antioxidant potential
of extract. The antioxidant activity was due to the presence
of free hydroxyl group present in flavonoids of extract. Free
hydroxyl group scavenges the free radicals caused better
antioxidant potential. The antioxidant activity of flavonoids,
which include flavones, flavanols, and condensed tannins,
depends on the presence of free (OH) hydroxyl groups, espe-
cially 3-OH, since the present report of antioxidant activity
of hydroalcoholic extract suggesting a complete profiling
via phytochemical and metabolomics profiling needs to be
done to identify the other active phenolic and flavonoid
components in the field of drug discovery and development.

3.2. Antioxidant Potential. Due to the simplicity in a bio-
chemical reaction, the free radical scavenging activity of
any plant extract is commonly used to determine by DPPH
radical. Hydroalcoholic extracts are the rich sources for phe-
nols and flavonoids, which are having redox properties with
antioxidant potential. Our phytochemical screening revealed
that it has the major abundance of phenolic and flavonoid
metabolites. The hydroalcoholic extract had clearly shown
the strong antioxidant potential against all free radicals. The
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Figure 1: Carbohydrate digesting enzyme (𝛼-amylase and 𝛼-
glucosidase) inhibition potential of G. sylvestre extract.

results clearly showed that DPPH scavenging activity was
14.84 ± 0.12, 21.14 ± 0.20, and 34.36 ± 0.45 of mMTR equiva-
lent, at a concentration of 10, 20, and 40 𝜇g/mL of G. Sylvestre
extract, respectively, while that of the control, i.e., ascorbic
acid was 41.36mMTRwhen the concentration was 35𝜇g/mL.
The antioxidant potential which was equivalent to DPPH
scavenging was increased with respect to the extract concen-
tration and it was increased to a concentration of 40 𝜇g/mL.
Beyond the level of extract used, no increment in antioxidant
potential was observed. The hydroalcoholic extract enriched
with flavonoids which have the potential to scavenge the
free radicals associated with different ailments and biological
cycle, singlet oxygen, and other oxidizing molecules. Apart
from the scavenging the free radicals, flavonoids suppress
the production of reactive oxygen species, quenched the
trace elements, and upregulate antioxidant defenses which
are directly involved in the production of free radical. Similar
actions were also reported in extract enriched with phenolic
content.

3.3. Carbohydrate Digesting Enzyme Inhibition Potential.
The different concentration of 25𝜇g/mL, 50 𝜇g/mL, and
100𝜇g/mL of hydroalcoholic extract clearly showed that the
% inhibition of 𝛼-amylase and 𝛼-glucosidase activity con-
sistently increases with concentration-dependent manner,
respectively.The hydroalcoholic extract has clearly shown the
remarkable potential of carbohydrate-digesting enzyme at a
specific concentration. Carbohydrate digesting enzyme (𝛼-
glucosidase) inhibitory potential significantly increased with
increase in the concentration of hydroalcoholic extract. The
carbohydrate enzyme inhibition potential of extract has been
shown in Figure 1.

3.4. Yeast Cell Uptake. By facilitated diffusion process in
baker’s yeast follows glucose transport process. The process
in which glucose was uptaken by skeletal muscle was similar

10 mmol/L
20 mmol/L
30 mmol/L

0

50

100

150

200

250

%
 in

cr
ea

se
 o

f g
lu

co
se

 u
pt

ak
e

0.1 0.2 0.3 0.4 0.5 0.60
Extract concentration (mg/mL)

Figure 2: Effect of extract on glucose uptake in yeast cell uptake.

to the process glucose transport in a yeast cell. After spe-
cific incubation time period in experimental medium, the
amount of the glucose remained in the process of glucose
uptake by the yeast cell. It consistently increased in a dose-
dependent manner. Figure 2 clearly shows that the percent
increases in glucose uptake in yeast cells at different glucose
concentrations, i.e., 10mmol/L, 20mmol/L, and 30mmol/L
with respect to concentrations of extract. A concentration-
dependent glucose uptake was increased in a yeast cell in the
presence of extract. In case of positive control, metformin
was used and it also showed the increased glucose uptake
in yeast cell. However, hydroalcoholic extract showed greater
effectiveness in glucose uptake by yeast cells as compared
to positive control. Glucose uptake in yeast cell followed
diffusion process which was similar to glucose uptake in
skeletal muscle. Thus, these results indicate that hydroal-
coholic extract will increase the glucose uptake in skeletal
muscle or it will cause an increment in peripheral glucose
utilization, while a significant difference in glucose uptake in
yeast cell was observed when it was incubated with extract as
compared to yeast cell incubated with metformin.

3.5. Ex Vivo Antidiabetic Potential. Generally, researchers
have used the isolated diaphragm to check the effect of
metabolites on the intestinal glucose inhibition. In our study,
we have checked the effect of hydroalcoholic extract of G.
sylvestre leaves on intestinal glucose absorption. A marked
decrease in glucose absorption in the intestine by extract was
recorded as compared to control. A dose-dependent glucose
absorption inhibition was recorded (Figure 3). A maximum
glucose absorption inhibition (76.25%) has been observed
at a concentration of 100𝜇g/mL of extract. Similar results
were obtained in glucose uptake assay in skeletal muscle.The
effects of the extract on glucose uptake in isolated rat skeletal
muscle are shown in Figure 3. A maximum 28.6% glucose
uptake was increased at a dose of 100 𝜇g/mL of extract as
compared to control.
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Figure 3: Effect of extract on intestinal absorption inhibition and
percentage glucose uptake in skeletal muscle.

Table 1: TLC fingerprinting of hydroalcoholic extract of G. sylvestre
leaves.

S. No. Rf
Area%

At 254nm At 366nm
1. 0.01 0.98 1.10
2. 0.03 - 1.30
3. 0.05 2.20 1.96
4. 0.07 - 20.23
5. 0.12 40.31 22.51
6. 0.16 3.00 2.54
7. 0.23 2.49 2.22
8. 0.25 1.25 -
9. 0.31 2.14 2.98
10. 0.53 - 1.97
11. 0.60 3.28 8.53
12. 0.69 13.70 23.62
13. 0.79 14.72 8.79
14. 0.85 9.99 2.25
15. 0.91 5.94 -
Total 15 12 13

3.6. TLC Fingerprinting Analysis. For TLC fingerprinting
analysis, hydroalcoholic extract was dissolved in methanol,
filtered, and analyzed through 0.25𝜇M membrane filter.
Chromatographic separation was performed by using chlo-
roform: methanol: formic acid, 9:5:0.5, v/v/v, as the mobile
phase. The developed plate was scanned at two different
wavelengths, 254 nm and 366nm (Figure 4). The TLC anal-
ysis of hydroalcoholic extract clearly showed the separation
of total 15 metabolites. Scanning at 254 and 366nm, a
number of compounds analyzed are 12 and 13, respectively
(Table 1). However, major components in terms of peaks area
in chromatogram were found at Rf 0.12 (40.3%), 0.69 (13.7%),
0.79 (14.72%), 0.85 (9.99%)and 0.91 (5.94%) at 254 nm.While
at 366 nm, major compounds found at Rf 0.07 (20.23%), 0.12

(22.51%), 0.60 (8.53%), 0.69 (23.62%), and 0.79 (8.79%). One
major peak was found at Rf 0.07 (20.23%) while scanning at
366 nm but this peak was not found at 254 nm. Similarly, one
peak at Rf 0.91 (5.94%) was found when scanned at 254 nm
but found absent at 366 nm.

3.7. UPLC-MS Analysis. All the metabolites present in the
hydroalcoholic extract were dissolved inmethanol and, based
on this assumption, the methanolic solution was analyzed
throughUPLC-MS for their completemetabolic profiling and
identification of diversity of metabolites. Table 2 summarizes
all the metabolites characterized in G. sylvestre extract eluted
at different retention times, experimental m/z, and tentative
namewith nature of compounds. A total of 58most abundant
metabolites were analyzed and identified through m/z value
and from literature survey. By comparing chromatogram of
blank with the chromatogram of extract, a clear and contrast
chromatogram was observed based on their retention time
(Figure 5). LC-MS fingerprinting of the G. sylvestre extract
was done using 0.5% v/v formic acid in water (A) and ace-
tonitrile (B) as mobile phase in gradient elution mode. A total
of 58 metabolites were separated and tentatively identified
from the database. Deacyl gymnemic acid and quercetin were
the two major metabolites found in the extract with m/z
value of quercetin, conderitol, deacylgymnemic acid, niacin,
ascorbic acid, rutin, kaempferol, niacin, D-quercetin, and
stigmasterol. Mass spectra of major metabolites have been
shown in Figure 6.

Major groups of tentatively identified metabolites are
alkaloids (25.8%), amino acids (1.7%), coumarins (5.2%), fatty
acids (5.2%), flavonoids (25.8%), glycosides (5.2%), lignans
(3.5%), lipids (3.4%), nucleosides (5.2%), phenols (5.2%),
terpenoids (13.7%), and vitamins (5.2%) (Figure 7). Our
investigations revealed that the hydroalcoholic composed
of major phenolic and flavonoid metabolites which are
responsible for its therapeutic potential. Thus, for the analysis
of low and high abundant metabolites with wide polarity
range, UPLC-MS method seems to be the best method of
analysis.

3.8. In Silico Screening. Gymnemic acid, deacyl gymnemic
acid, and quercetin were docked with ten different proteins
associated with glucose metabolism, transport, and glucose
utilization. The docking of tested metabolites with targeted
proteins was therefore performed, and corresponding fitness
scores were determined. High fitness scored metabolites
were subjected to the elucidation of their interaction surface
and total intermolecular energy with targeted molecules
and proteins separately [14]. Four ligands (deacyl gymnemic
acid, gymnemagenin, gymnemic acid, and quercetin) were
selected for this study. All these metabolites showed good
interaction with glucose transporter and deacylgymnemic
acid showed better affinity as compared to other metabolites.
Almost all the compounds showed good affinity and the
estimated free energy of ligand-protein interaction was found
< -5.0 for the receptor proteins in this interaction indicating
that affinity of these proteins towards targeted metabolites
might be changed after oral administration of extract. It
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Figure 4: TLC chromatogram of extract scanned at (a) 254 nm and (b) 366nm.
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Figure 5: UPLC-MS chromatogram of extract.

has been observed that gymnemic acid was more potent
than deacyl gymnemic acid in terms of binding affinity
towards proteins and showed a favorable interaction with
amino acid residues at the active site. Docking summary of
metabolites docked with proteins associated with diabetes
has been shown in Table 3. Some of the major protein

interactions are shown in Figure 8. Thus, the present in
silico screening study gives an insight of tentatively identified
metabolites with a specific protein. The data obtained from
in silico screening will help to define/predict the mechanism
behind the antidiabetic potential of metabolites present in
the extract ofG. sylvestre through ligand-receptor interaction
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Figure 6: Mass spectrum of major abundant metabolites analyzed through UPLC-MS.
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Figure 8: (a) 3D and (b) 2D interaction of deacyl gymnemic acid with DPP4.

based on binding energies or fitness score [15]. Further, a
molecular-based study is required for confirmation of the
above-proposed mechanism.

4. Discussion

The use of medicinal plants and traditional medicine in
developed and developing countries is becoming popular as
a medical alternative in the treatment of various ailments
including diabetes. It has been known that oxidative damage
is associated with a number of disease processes and possible
mechanism including diabetes mellitus. In the present study,
the hydroalcoholic extract from G. sylvestre leaf exhibited
potent antioxidant activities and increased the activity of
enzymes beneficial in the prevention of diabetes.

From ethnopharmacological relevance point of view, the
extract of G. sylvestre has been used for therapeutic purposes
and current scientific data are available for its several other
therapeutic actions such as antioxidant, anticancer, anti-
inflammatory, antidiabetic, hypolipidemic, and hypotensive
[7]. Our study clearly demonstrated that the hydroalcoholic
extract of G. sylvestre was utilized with a well-defined low
dose as mentioned in Ayurved Pharmacopeia for its antidi-
abetic potential.

We have obtained more yield of hydroalcoholic extract
as compared by using general extraction procedure through
maceration with water yielding and this can be used in
industrial scale also. The total amount of phenolic and
flavonoid content in the extracts from G. sylvestre leaf was
determined. Gallic acid and rutin were used to express the
phenolic and flavonoid content, respectively. The content of
phenolic and flavonoids found in natural plants is known
to have a number of beneficial health effects associated with
natural antioxidants suppressing the LDL cholesterol oxida-
tion [16] and decreasing the risk of heart disorder [17]. The
hydroalcoholic extract showed potent antioxidant potential
and is expressed asTrolox equivalent.Themetabolites present
in the extract were able to scavenge the DPPH and we
obtained the similar type of activities as ascorbic acid showed.
The results obtained from antioxidant assay indicate that

hydroalcoholic extract of G. sylvestre leaf contains potent
antioxidants potential. It has earlier been proved that plants
rich in polyphenolic compounds, such as phenolic acids and
flavonoids, possess outstanding antioxidant activities [18].

The results clearly showed that the in vitro 𝛼-amylase
and 𝛼 glucosidase inhibition test displayed that the hydroal-
coholic extract of G. sylvestre had a potent inhibitory effect
and it showed better activity as compared to acarbose as
a standard drug. This in vitro finding suggested that the
hydroalcoholic extract of G. sylvestre can be able to sig-
nificantly reduce the postprandial level by inhibiting the
activity of 𝛼-amylase and 𝛼-glucosidase, which are important
enzymes in the digestion of the complex carbohydrates into
absorbable monosaccharides in the food. Glucose uptake in
yeast cell follows the passive diffusion as similar to glucose
uptake in human skeletal muscle [19]. If any extract is able
to increase glucose uptake in yeast cell which will also be
able to increase glucose uptake in skeletal muscle [20]. The
hydroalcoholic extractwas able to increase the glucose uptake
in yeast cell more than two hundred percent as compared to
control condition without having extract (Figure 2).Thus this
yeast cell uptake is an evidence of the antidiabetic potential
of hydroalcoholic extract. Glucose uptake in yeast cell has
been done very first time for G. sylvestre extract. This result
was further supported by ex vivo glucose uptake assay. The
hydroalcoholic extractwas able to increase the glucose uptake
in skeletal muscle isolated from rats. In the presence of
extract, a significant increase in glucose uptake was observed
as compared to normal conditions (Figure 3). On the other
hand, we have checked the effect of the hydroalcoholic extract
on glucose absorption inhibition in intestine. We found that
the extract was able to inhibit the glucose absorption in
intestine. From both the ex vivo experiments suggest that the
extract is able to increase the peripheral glucose utilization
and also decrease the glucose absorption. Thus, it will be
more powerful antidiabetic medicine for the patients who
are suffering from type 2 diabetes [21]. This ex vivo study
provided the biological environment and gives the possible
mechanism of the hydroalcoholic extract of G. sylvestre for
its antidiabetic potential.
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Quality control analysis is one of the major concerns for
herbal formulation. TLC fingerprinting is usually used to get
the metabolite patterns of any extract so that we can identify
the extract in future. If any extract will have the same TLC
pattern, it must show the same biological activity and we
know its TLC fingerprint. In this context, we have developed
the TLC method and analyzed our extract. The developed
method was reproducible and we have total 13 metabolites
present in the hydroalcoholic extract (Figure 4). This TLC
fingerprint can be used for its quality control analysis and
regulatory bodies to assure its quality and safety [12]. Further,
to identify the different metabolites present in the extract,
we performed UPLC-MS analysis. UPLC-MS is the most
powerful tool for the identification of polar and nonpolar
metabolites. In our experiment, we chromatographically
separated and tentatively identified based on their mass.
Total 58 metabolites were analyzed and identified through
UPLC-MS (Table 2). Further, identified metabolites were
categorized (Figure 7). HPTLC fingerprinting and LC-MS
analysis identify the constituents present in the hydroal-
coholic extract which usually polar secondary metabolites
such as glycosides, phenols, nucleosides, terpenoids, vita-
mins, lipids lignans, fatty acids, saponin, and tannins and
some primary metabolites such as glycosides, vitamins, and
proteins. Metabolomics is a useful and powerful tool for
the chemical and pharmacological standardization of plant
extract [22] and it has the potential to make a revolution in
research of natural product and to advance the scientifically
development of herbal based medicine. Metabolomes of
some important medicinal plants are particularly a valuable
natural resource for the evidence-based development of
new nutraceuticals and phytotherapeuticals. This is the first
time we identified the metabolites present in hydroalco-
holic extract which were further categorized. This study
will be helpful for the researchers who are working in
G. sylvestre.

In order to predict the mechanism, we have checked the
affinity of major metabolites present in the extract with the
proteins associated with glucose biosynthesis, metabolism,
and utilization. We have selected total four major metabolites
present in extract and identified through UPLC-MS. These
metabolites were docked with protein and we have analyzed
their affinity (Table 3). It has found that gymnemic acid is
more potent than deacyl gymnemic acid in terms of affinity
towards selected protein. It was observed that almost all
compounds are with low binding energies and clearly shows
that every compound for the enzyme was found with good
affinity. In silico study of responsible metabolites gives an
insight of tentatively identified metabolites with a specific
protein. The in silico approach can be used to model the
interaction and binding energy between a small molecule and
protein at the atomic level, which allows us to characterize the
behavior of metabolites in the binding site of target proteins
as well as elucidate the preliminary mechanism of action of
molecules.

In summary, we chromatographically characterized the
hydroalcoholic extract of G. sylvestre leaves extract and we
have tested its antidiabetic potential by using in vitro, ex vivo,
in silico, and metabolomics approaches. The results of the

study will be helpful for the development of phytopharma-
ceuticals which can be used for the management of diabetes.

5. Conclusion

The present study substantiated the hypoglycemic potential
of G. sylvestre leaves, which has been used since long for
the management of diabetes. The hydroalcoholic extract
exhibited the hypoglycemic activity by increasing the glu-
cose uptake in skeletal muscle, inhibiting intestinal glucose
absorption, and by scavenging redox molecule. In silico study
predicted the mechanism behind the antidiabetic potential
of extract. However, a molecular level study is needed to
be performed for better clarification and providing more
scientific data. Thus, hydroalcoholic extract enriched with
gymnemic acid and deacylgymnemic acid can be explored for
the development of phytopharmaceuticals.
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